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DESCRIPTION 

Receiving apparatus and gain controlling method 

Technical Field 

The present invention relates to a receiving 
apparatus, which is used in a digital radio 
communication system such as a cellular phone, a car 
phone, and the like, and relates to a gain controlling 
method . 

Background Art 

In a digital radio communication system such 
as a cellular phone, a car phone, and the like, which 
have recently been increased in demand, a base 
station provided for each cell assigns a radio 
channel to each of a plurality of communication 
terminals being present in the cell, and performs 
radio communication therewith concurrently. 

FIG. 1 is a view illustrating the configuration 
of the digital radio communication system. In FIG. 
1 , it is assumed that a base station 11 , a base station 
12, and a base station 13 are provided in a cell 21, 
a cell 22, and a cell 23, respectively. It is also 
assumed that mobile stations 31, 32, and 33 are 
present in the current cell 21, and perform radio 
communication with the base station 11, 
respectively. 




FIG. 2 is a view illustrating kinds of signals 
received by the mobile station 31 of FIG. 1. As 
illustrated in FIG. 2, a signal, which is transmitted 
from the base station 11, is a desired signal S to 
the mobile station 31 that performs radio 
communication with thebase station 11. However , when 
a signal S is received by the mobile station 31, noise 
W is included in the received signal S. 

Other than noise N, the received signal R 
includes a self-cell interference signal Iintra/ 
which is transmitted to the mobile stations 32 and 
33 other than those of the self-cell from the base 
station 11 and other-cell interference signal Ii ntar , 
which is transmitted from the base stations 12 and 
13, as an interference signal I. 

A receiving apparatus installed in the mobile 
station 31 provides automatic gain control 
(hereinafter referred to as "AGC") to the received 
signal, and converts the resultant signal to a 
digital signal, and modulates a desired signal 
included in the received signal to extract received 
data. In addition, AGC is control that is performed 
to set electric field intensity of the received 
signal to a preset target value for the purpose of 
improving accuracy at the time of converting the 
received signal digitally. 

The following will explain the configuration 
of the conventional receiving apparatus installed 



in the mobile station with reference to the block 
diagram of FIG- 3. 

In the receiving apparatus of FIG . 3, areception 
RF section 52 amplifies a radio frequency signal 
received by an antenna 51 and frequency-converts the 
amplified signal to a baseband signal. An AGC section 
53 controls a gain of the baseband signal outputted 
from the reception RF section 52 in accordance with 
a gain coefficient. An A/D converter 54 converts an 
output signal of the AGC section 53 to a digital 
s ignal . 

A despreader 55 multiplies the output signal 
of the A/D converter 54 by the same spread code as 
used in the transmitting side. A RAKE receiver 56 
RAKE combines the output signal of the despreader 
55. A demodulator 57 demodulates the output signal 
of the RAKE receiver 56 to extract received data. 

An electric field intensity measuring section 
58 measures electric field intensity of the baseband 
signal outputted from the reception RF section 52, 
Additionally, electric field intensity is obtained 
by placing an antenna whose effective length is sure 
in the electric field to measure voltage induced by 
this antenna. 

An A/D converter 59 converts the measurement 
result of electric filed intensity measured by the 
electric field intensity measuring section 58 to a 
digital signal, and outputs absolute electric field 



intensity (S+I+N) a bs of the received signal. 

A determination section 60 determines the 
relationship between absolute electric field 
intensity (S + I+N) a b 3 of the received signal out putted 
from the A/D converter 59 and a target value t in 
terms of the value of large or small. Additionally, 
signal amplitude X (hereinafter referred to as 
"amplitude X") that can be expressed by bits is used 
as a target value t. 

A gain coefficient calculator 61 outputs a 
value(/? + AGor/?~AG ) , serving as a new gain coefficient, 
obtained by adding/subtracting a corrected value of 
AGC gain coefficient (hereinafter simply referred to as "gain 
corrected value") AG to/from a previous gain coefficient 
(3 based on the determination result of the determination 
section 6 0 as in the relationship between the input electric 
field intensity and the gain coefficient of FIG. 4. 

More specifically, in the case where the 
absolute electric field intensity (S+I+N) abs of the 
received signal is more than the target value t, the 
gain coefficient calculator 61 adds the gain corrected 
value AG to the previous gain coefficient (3 . In the other 
cases, the gain coefficient calculator 61 subtracts 
the gain corrected value A G from the previous gain 
coefficient j3 . Additionally, the gain corrected value A 
G is a value that is preset. 

A D/A converter 6 2 converts the gain coefficient 
calculated by the gain co ef f ic ient calculator 61 to an 



analog value and outputs the resultant to the AGC 
s ect ion 5 3. 

Hence, the conventional receiving apparatus 
aims to improve accuracy when the received signal 
is converted to the digital signal by AGC that 
performs closed loop control. 

According to the conventional receiving 
apparatus, however, as in the signal components of 
FIG. 5A, in the case where the percentage of the 
interference signal I and noise N , which are included 
in the received signal R, becomes large, bit accuracy 
(direction a in a vertical axial direction) of the 
desired signal s becomes insufficient, causing 
deterioration of reception quality. 

While, as in the signal components of FIG. 5B, 
allowing for the amounts of interference signal I 
and noise N to improve the bit accuracy of the desired 
signal S, AGC is performed such that the target value 
t is set to be larger than amplitude X to perform 
clipping reception (direction b in a vertical axial 
direction). As a result, in the case where the 
percentage of the interference signal I and noise 
N, which are included in the received signal R, 
becomes small, even the desired signal S is clipped 
(direction c in a vertical axial direction) , causing 
deterioration of reception quality. Additionally, 
clipping is that the peak of the signal and that of 
the linguistic syllable are clipped to the extent 



that they can be sensed. 

Namely, the conventional receiving apparatus 
calculates the gain coefficient based on electric 
field intensity of the received signal without 
allowing for the percentage of the desired signal 
included in the received signal, and this causes a 
problem in which AGC cannot be accurately performed 
to deteriorate reception quality. 

Disclosure of Invention 

In is an object of the present invention is to 
provide a receiving apparatus, which is capable of 
performing AGC accurately to make it possible to 
prevent reception quality from being deteriorated, 
and to provide a gain controlling method. 

This object can be attained by such a way that 
electric field intensity of a signal where an 
interference signal is removed from a received signal 
is obtained by a ratio between a desired signal and 
an interference signal and reception electric field 
intensity to calculate a gain coefficient based on 
this electric field intensity. 

Brief Description of Drawings 

FIG. 1 is a view illustrating the configuration 
of the digital radio communication system; 

FIG. 2 is a view illustrating the kinds of a 
signal received by a mobile station of FIG. 1; 



FIG. 3 is a block diagram illustrating the 
configuration of a conventional receiving 
apparatus ; 

FIG. 4 is a view illustrating the relationship 
between input electric field intensity and a gain 
coefficient in the conventional receiving 
apparatus ; 

FIG - 5A is a view illustrating signal component s 
before and after AGC and A/D conversion in the 
conventional receiving apparatus; 

FIG. 5B is a view illustrating signal components 
before and after AGC and A/D conversion in the 
conventional receiving apparatus; 

FIG. 6 is a block diagram illustrating the 
configuration of a receiving apparatus according to 
Embodiment 1 of the present invention? 

FIG. 7 is a view illustrating the relationship 
between input electric field intensity and a gain 
coefficient according to Embodiment 1 of the present 
invention ; 

FIG. 8A is a view illustrating signal components 
before and after AGC and A/D conversion in the 
receiving apparatus according to Embodiment 1 of the 
present invention ; 

FIG. 8B is a view illustrating signal components 
before and after AGC and A/D conversion in the 
receiving apparatus according to Embodiment 1 of the 
present invention; 
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FIG. 9 is a block diagram illustrating the 
configuration of a receiving apparatus according to 
Embodiment 2 of the present invention; 

FIG. 10 is a view illustrating the relationship 
between input electric field intensity and a gain 
coefficient in the receiving apparatus according to 
Embodiment 2 of the present invention; 

FIG- 11A is a view illustrating signal 
components before and after AGC and a/d conversion 
in the receiving apparatus according to Embodiment 
2 of the present invention; and 

FIG. 11B is a, view illustrating signal 
components before and after AGC and A/D conversion 
in the receiving apparatus according to Embodiment 
2 of the present invention. 

Best Mode for Carrying Out the Invention 

The following will specifically explain 
embodiments of the present invention with reference 
to the drawings accompanying herewith. 
(Embodiment 1) 

FIG. 6 is a block diagram illustrating the 
configuration of a receiving apparatus according to 
Embodiment 1 of the present invention. 

In the receiving apparatus of FIG. 6 , a reception 
RF section 102 amplifies a radio frequency signal 
received by an antenna 101 , and frequency-converts 
the amplified signal to a baseband signal. An AGC 



section 103 controls a gain of the baseband signal 
outputted sfrom the reception RF section 102 in 
accordance with a gain coefficient inputted from a 
D/A converter 114 to be described later. An A / D 
converter 104 converts the output signal of the AGC 
section 103 to a digital signal. 

A despreader 105 multiplies the output signal 
of the A/D converter 104 by the same spread code as 
used in the transmitting side. An interference 
canceller 106 removes an interference signal I from 
the output signal ofthe despreader 105. Additionally, 
the interference canceller 106 cannot remove noise 
N from the output signal of the output signal 105. 

A demodulator 107 demodulates the output signal 
of the interference canceller 106 to extract received 
data . 

An S INR measuring section 108 measures SINR from 
the output signal of the A/D converter 104 and the 
output signal of the interference canceller 106 based 
on the following equation (1) 



An electric field intensity measuring section 
10 9 measures electric field intensity of the baseband 
signal outputted from the reception RF section 102. 
In addition, electric field intensity can be obtained 
by placing an antenna whose effective length is sure 
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in the electric field to measure voltage induced by 
this antenna . 

An A/D converter 110 converts the measurement 
result of electric field intensity measured by the 
electric field intensity measuring section 109 to 
a digital signal, and outputs absolute electric field 
intensity (S+I+N) a bs of the received signal. 

An absolute electric filed intensity calculator 
111 calculates absolute electric field intensity 
(S + N)abs of a desired signal S from SINR and absolute 
electric field intensity (S+I+N) a bs of the received 
signal based on equation (2) set forth below. 
Additionally, the reason why noise N is left in 
absolute electric field intensity (S+N) a b S of the 
desired signal S is that noise N cannot be removed 
by the interference canceller 106. 

(S+N) eb , -(S+N+I) a ^exp^^ <5S2) 

A determination section 112 determines the 
relationship between absolute electric field 
intensity (S+N) abs of the desired signal S outputted 
from the absolute electric filed intensity 
calculator 111 and a target value t in terms of the 
value of large or small. 

A gain coefficient calculator 113 outputs a 
value{cr + AGora-AG ), serving as a new gain coefficient, 
obtained by adding/subtracting a gain corrected value 
AG to/from a previous gain coefficient abased on the 



determination result of the determination section 112. 

More specif ically, in the case where absolute 
electric field intensity (S+N) abs of the desired 
signal S is more than the target object t, the gain 
corrected g a in AG is added to the previous gain coefficient 
a: such that the desired signal S is not clipped. While, in 
the case where absolute electric field intensity 
( S+N ) aba of the desired signal S is lessthanthetarget 
object t r the gain corrected gain AG is subtracted from 
the previous gain coefficient a to improve bit accuracy of 
the desired signal S. 

A D/A converter 114 converts the gain coefficient 
outputted from the gain coefficient calculator 113 to an 
analog value , and outputs the resultant to the AGC section 
103. 

Accordingly, as illustrated in FIG. 7 , the use of the 
output signal of the interference canceller makes it possible 
to calculate the gain coefficient based on absolute 
electric field intensity (S+N) a b 3 of the desired 
signal S as compared with the conventional case in 
which the gain coefficient is calculated based on 
absolute electric field intensity (S + I + N) ab3 of the 
received signal. 

FIG. 8A and FIG, 8B are views each illustrating 
signal components before and after AGC and A/D 
conversion in the receiving apparatus according to 
Embodiment 1 of the present invention. Then, FIG. 
8A indicates a case in which absolute electric field 
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intensity (S+N) a bs of the desired signal S is more 
than the target object t, and FIG. 8B indicates a 
case in which absolute electric field intensity 
(S + N) ab3 of the desired signal S is lessthanthetarget 
5 object t. 

in the case of FIG. 8A, electric field intensity 
of a received signal 201 is reduced by the AGC section 
103 such that the desired signal S is not be clipped. 
The output signal 202 of the AGC section 103 is 
10 converted to a digital signal by the A/D converter 
104. At this time, the interference signal I and a 
part of noise N are clipped (distance a in a vertical 
axial direction). 

Then, the desired signal S included in the output 
15 signal 203 of the A/D converter 104 is not clipped 
and has sufficient bit accuracy (distance b in a 
vertical axial direction), with the result that 
reception quality is not deteriorated. 

While, in the case of FIG* 8B, electric field 
20 intensity of a received signal 211 is increased by 
the AGC section 103 in order to increase bit accuracy 
of the desired signal S. An output signal 212 of the 
AGC section 103 is converted to a digital signal by 
the A/D converter 104. At this time, the interference 
25 signal I and a part of noise N are clipped (distance 
c in a vertical axial direction). 

Then, the desired signal S included in an output 
signal 213 of the A/D converter 104 is not clipped 
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and has sufficient bit accuracy (distance d in a 
vertical axial direction), with the result that 
reception quality is not deteriorated* 

In this way, the gain coefficient is calculated 
based on electric field intensity of the signal where 
the interference signal is removed from the received 
signal, whereby making it possible to perform AGC 
accurately and to prevent the deterioration of 
reception quality. 

in this receiving apparatus of this embodiment, 
a SUD (Single User Detection) type interference 
canceller can be used as an interference canceller. 
(Embodiment 2) 
FIG. 9 is a block diagram illustrating the 
configuration of a receiving apparatus according to 
Embodiment 2 of the present invention. In the 
receiving apparatus of FIG. 9, the same reference 
numerals as those of the receiving apparatus of FIG. 
6 are added to the portions common to FIG. 6, and 
explanation is omitted. 

As compa r ed with the receiving apparatus of FIG. 
6, the receiving apparatus of FIG. 9 adopts a 
configuration in which the number of SINR measuring 
sections 108 corresponding to the number of users 
is provided and an adder 301 is added. 

Herein, in the explanation set forth below, it 
is assumed that a desired signal of user k is S k and 
an interference signal with respect to user k is I k/ 
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and noise with respect to the user k is set to N k . 

Each SINR measuring section 108 measures SINR 
of the corresponding user k in its cell from an output 
signal (S k +I k +N k ) of the A/D converter 104 and the 
desired signal S k outputted from the interference 
canceller 106 based on equation (3) set forth below* 

SINR k =^ 2J^J (5S3) 



The electric field intensity measuring section 
109 measures electric field intensity of the baseband 
signal outputted from the reception RF section 102 
on a user-by-user basis. The A/D converter 110 
converts the measurement result of electric field 
intensity of each user measured by the electric field 
int ens ity measuring section 109 to a digital signal, 
and outputs absolute electric field intensity 
( S k + I k +N k ) ab3 of the received signal for each user. 

The absolute electric filed intensity 
calculator 111 calculates absolute electric field 
intensity (S k +N k ) abs of a desired signal S k of each 
user from SINR for each user and absolute electric 
field intensity ( S k + I k +N k ) abs of the received signal 
for each user based on equation (4) set forth below. 

(S t +N k ) ata =(S + ^ + /) flta 'exp^^j (5*4) 

An adder 301 adds all (S k + N k ) a bs of the desired 
signals S k of the respective users in its cell 
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calculated by the absolute electric filed intensity 
calculator 111 as shown in the following equation 
(5), and outputs a total value 2 (S + N) a bs/ which is 
the addition result. 

The determination section 112 determines the 
relationship between the total 2 (S + N) a b 3 of absolute 
electric field intensity of the desired signal S k 
outputted from the adder 301 and a target value t 
in terms of the value of large or small. 

The gain coefficient calculator 113 outputs a 
value ( r +AG orr "AG ), serving as a new gain coefficient, 
obtained by adding/subtracting a gain corrected value 
AG to/from a previous gain coefficient 7 based on the 
determination result of the determination section 112, 

More specifically, in the case where the total 
2(S+N)abs of absolute electric field intensity of 
the desired signal S k is more than the target object 
t, the gain corrected gainAG is added to the previous 
gain coef f icient y such that the desired signals of all users 
in its cell are not clipped. While, in the case where the 
total 2 (S + N)ab 3 of absolute electric field intensity 
of the desired signal S k is less than the target object 
t, the gain corrected gainAG is subtracted from the 
previous gain coef f icienty in order to improve bit accuracy 
of the desired signals S of all users in its cell- 
Accordingly, as illustrated in FIG. 10, the use of the 
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output signal of the interference canceller for each user 
makes it possible to calculate the gain coefficient based 
on the total value 2 (S+N) aba of absolute electric field 
intensity of the desired signal S* as compared with 
5 the conventional case in which the gain coefficient 
is calculated based on absolute electric field 
intensity (S+ N) ab3 of the received signal. 

Herein, as mentioned above, the interference 
signal I is divided into the self-cell interference 

10 signal Imtra/ and other-cell interference signal 
Iinter* Since a desired signal other than the desired 
signal of the corresponding user is included in the 
self-cell interference signal Iintr-a, the receiving 
apparatus of the above embodiment performs AGC to 

15 clip only the other-cell interference signal I int er 
without clipping the self-cell interference signal 

1 intra - 

FIG. HAandFIG. llBare views each illustrating 
signal components before and after AGC and A / D 
20 conversion in the receiving apparatus according to 
this embodiment. Then, FIG- 11A indicates a case in 

which the total value 2 (S+N) a bs of absolute electric 
field intensity of the desired signal S k is more than 
the target value t, and FIG- 11B indicates a case 
25 inwhich the total value 2 ( S+N ) ab3 of ab so lute electric 
field intensity of the desired signal S k is less than 
the target value t. 

Inthecaseof FIG. 11A, electric field int ens ity 
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of a received signal 401 is reduced by the AGC section 
103 such that the desired signal S is not clipped. 
An output signal 402 of the AGC section 103 is 
converted to a digital signal by the A/D converter 
104. At this time, other-cell interference signal 
Iinter is clipped (distance a in a vertical axial 
direction ) . 

Then, thedesired s ignal S included in the output 
signal 403 of the A/D converter 104 and other-cell 
interference signal Iinter are not clipped and have 
sufficient bit accuracy (distance b in a vertical 
axial direction), with the result that reception 
quality is not deteriorated. 

While, in the case of FIG. 11B, electric field 
intensity of a received signal 411 is reduced by the 
AGC section 103 in order to improve bit accuracy of 
the desired signal S. An output signal 412 of the 
AGC section 103 is converted to a digital signal by 
the A/D converter 103. At this time, other-cell 
interference signal Iinter is clipped (distance c in 
a vertical axial direction). 

Then, the desired signal S included in theoutput 
signal 413 of the A/D converter 104 and other-cell 
interference signal Iinter are not clipped and have 
sufficient bit accuracy (distance d in a vertical 
axial direction), with the result that reception 
quality is not deteriorated. 

In this way, the gain coefficient is calculated 
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based on electric field intensity of the signal where 
only the other-cell interference signal Iinter is 
removed from the received signal, whereby making it 
possible to perform AGC accurately and to prevent 
the deterioration of reception quality. 

In this receiving apparatus of this embodiment, 
a SUD (Single User Detection) type interference 
canceller can be used as an interference canceller* 
In the aforementioned embodiments, the target 
value can be suitably set. For example, there is a 
case in which signal amplitude that can be expressed 
by bits is used as a target value or a case in which 
a value that is obtained by subtracting a margin from 
signal amplitude that can be expressed by bits is 
used as a target value. 

Allowing for the margin makes it possible to 
prevent the desired signal from being clipped even 
in the case where variation in a propagation path 
such as a user at a high-speed moving time is large. 

The receiving apparatus of each of the 
aforementioned embodiments can be mounted on the base 
station apparatus of the digital radio communication 
system and the communication terminal apparatus 
thereof . 

As is obvious from the explanation, according 
to the receiving apparatus and the gain controlling 
apparatus of the present invention, electric field 
intensity of a signal where an interference signal 



19 

is removed from a received signal is obtained by a 
ratio between a desired signal and an interference 
signal and received electric field intensity to 
calculate a gain coefficient based on this electric 
field intensity. This makes it possible to perform 
AGC accurately and to prevent deterioration of 
reception quality. 

This application is based on the Japanese Patent 
Application No. HE I 11-375262 filed on December 28, 

1999 , entire content of which is expressly 

incorporated by reference herein 

Industrial Applicability 

The present invention is suitable for use in 

a digital radio communications system such as a 

digital car phone, a car phone, and the like. 



